Abstract: Individual and simultaneous determinations of some phenothiazine drugs are described. The individual determination method is based on the reaction of chlorpromazine hydrochloride (CPH), promethazine hydrochloride (PH), trifluoperazine hydrochloride (TFPH), trimipramine maleate (TPM) and thioridazine hydrochloride (TRDH) with complex of [Fe(Bpy) 2+ , which shows an absorption maximum at 525 nm. The individual method is highly sensitive and suitable for 0.3-190 µg ml -1 concentrations, with detection limits in the range 0.18-2.46 µg ml -1 . Simultaneous kinetic-spectrophotometric determination of ternary mixture of CPH, PH and TPM using principal component regression (PCR), partial least squares (PLS) and orthogonal signal correction (OSC)-PLS multivariate calibration methods is also described. The simultaneous methods are based on the difference observed in the reduction rate of the [Fe(Bpy) 3 ] 3+ complex with CPH, PH and TPM in acidic media. The results showed that the simultaneous determination of CPH, PH and TPM can be performed in the concentration ranges of 0.5-120.0, 0.3-80.0 and 5.0-100.0 µg ml -1 , respectively, for three methods (PCR, PLS and OSC-PLS). The root mean square errors of prediction (RMSEP) of CPH, PH and TPM were 0.346, 0.663 and 0.820 (for PCR) 0.317, 0.659 and 0.830 (for PLS) and 0.087, 0.124 and 0.085 (for OSC-PLS), respectively. The proposed methods were successfully applied to the individual and simultaneous determination of phenothiazine derivatives in pharmaceutical preparations, the results of which compared well with those obtained by the official method, and several synthetic (spiked) samples, whereby satisfactory results were obtained.
INTRODUCTION
Phenothiazine derivatives, an important group of neuroleptics, are used as antihistamines, tranquilizers, anti-emetics and antiparkinson. 1 The therapeutic importance of these drugs has prompted many workers to develop methods for their individual and simultaneous determinations in body fluids, as well as in pharmaceutical. 2−4 There are various analytical procedures for the individual assay of phenothiazines, the most important of which being titrimetry, 5 conductometry, 6 voltammetry, 7 spectrofluorometry, 8 chemiluminescence, 9 HPLC 10 and GLC 11 methods. Many spectrophotometric methods for their determination have already been proposed based on the oxidation of the drugs to a coloured radical cation and the subsequent measurement of absorbance. 12−20 Unfortunately, some of these methods have some disadvantages, such as the use of non-aqueous media, 16 low sensitivity, 17 a heating step, 18 a very strong acid, 19 a low linear range and critical working conditions, 12, 15 a narrow linear range of application 20 and a very narrow limit of detection. 13 In addition to this, the simultaneous determination of phenothiazine derivatives in binary and ternary mixtures was also reported. 21−26 Gutierrez et al. proposed a stopped-flow method for the simultaneous determination of perphenazine (PP) and chlorpromazine hydrochloride (CPH). 21 Chen et al. reported the simultaneous flow-injection determination of CPH and promethazine hydrochloride (PH) by a photochemical reaction. 22 The simultaneous kinetic determination of phenothiazine drugs was also reported. 23 Fasanmade reported a multivariate calibration method based on principal component regression (PCR) for the simultaneous ultraviolet (UV) determination of an oxidation product of CPH sulphoxide. 24 Shamsipur et al. tested partial least-squares (PLS) regression, singular value decomposition-based PLS, and an artificial neural network (ANN) as calibration procedures for the simultaneous determination of PH, CPH, and PP by both conventional and derivative spectrophotometry. 25 Recently, Hemmateenejad et al. reported the simultaneous determination of a ternary mixture of PH, CPH and PP based on the net analyte signal (NAS)-ANN model using conventional and derivative absorbance spectra. 26 To the best of our knowledge, no chemometrics methods for the simultaneous determination of these drugs using kinetic-spectrophotometric methods have been reported.
The theories and applications of chemometric methods, such as PCR and PLS, to the analysis of multi-component mixtures have been discussed by several workers. 27−32 Multivariate calibration methods have been successfully applied to multi-component kinetic determination in order to overcome some of the drawbacks of classical methods. Soft algorithms, such as PCR, PLS and ANN, which avoid co-linearity problems, have been used for the simultaneous determination of analytes having the same chemical properties, which cannot be resolved with common methods.
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The formation of the complex between Fe(III) and 2,2'-bipyridine (bpy) is the basis of existing spectrophotometric methods for the determination of trace amounts of reducing agents. 33 Reducing agents can be determined through reducing the [Fe(bpy) 3 ] 3+ complex, followed by treating the coloured complex of [Fe(bpy) 3 ] 2+ . Recently, a kinetic-spectrophotometric determination of a ternary mixture of hydrazine and its derivatives by PCR and PLS methods based on the difference observe in the rate of reduction of [Fe(bpy) 3 ] 3+ with hydrazine, thiosemicarbazide and phenylhydrazine in a micellar media of sodium dodecyl sulphate (SDS) and buffer of pH 3.0 was reported. 34 In this paper, a new, simple, rapid and sensitive indirect spectrophotometric method for the individual microdetermination of five phenothiazine drugs, containing CPH, PH, trifluoperazine hydrochloride (TFPH), trimipramine maleate (TPM) and thioridazine hydrochloride (TRDH). Also, in this study, principal component regression (PCR), partial least squares (PLS) and orthogonal signal correction (OSC)-PLS multivariate calibration methods for the analysis of ternary mixtures of CPH, PH and TPM, using the observed difference in the reduction rate of [Fe(bpy) 3 ] 3+ with these drugs in acidic media, were used.
EXPERIMENTAL

Apparatus and software
A GBC UV-Visible Cintra 6 Spectrophotometer with 1-cm glass cells, attached to a Pentium IV computer was used for recording the absorbance spectra and the kinetic spectrophotometric data. A Metrohm 780 pH-meter furnished with a combined glass-saturated calomel electrode was calibrated with at least two buffer solutions at pH 1.00 and 7.00. Measurements of the pH were made with a Metrohm 691 pH-meter using a combined electrode. The data were treated in an AMD 2000 XP (256 Mb RAM) microcomputer using Matlab software. PLS and PCR analysis were performed using PLS and PCR toolboxes in the Matlab program version 7.0.
Reagents and standard solutions
All reagents were of analytical reagent grade. Triply distilled water was used throughout. Stock solutions (1000 µg ml -1 ) of chlorpromazine hydrochloride, promethazine hydrochloride, trifluoperazine hydrochloride, trimipramine maleate and thioridazine hydrochloride (all from Biochemicals Inc., USA) were prepared by dissolving 100 mg each of the phenothiazine salts in distilled water and diluting to the mark in 100 ml volumetric flasks. These solutions were spectrophotometrically stable for at least 48 h. Standard solutions were prepared by appropriate dilution of the above solutions. A stock solution of 5.0×10 -2 M 2,2'-bipyridine was prepared by dissolving 0.784 g of 2,2'-bipyridine (Merck) in water and diluting to the mark in a 100 ml volumetric flask. A stock solution of 5×10 -2 M of Fe(III) was prepared by dissolving 2.43 g of Fe(NH 4 )(SO 4 ) 2 ·12H 2 O (Merck) in water and diluting to the mark in a 100 ml volumetric flask. A buffer solution of pH 4 was prepared using sodium acetate and hydrochloric acid at appropriate concentrations.
General procedure
The [Fe(bpy) 3 ] 3+ complex as the oxidizing agent for both the individual and simultaneous method of determination was prepared daily in a 25 ml volumetric flask by the addition of 2.5 ml of buffer solution (pH 4.0), 0.2 ml of Fe(III) solution (0.05 M) and 1.0 ml of bpy solution (0.05 M) and then diluting with water to the mark. For each measurement in the individual determination, 2.0 ml of the above solution was transferred to a spectrophotometer cell, then an appropriate volume of CPH, PH, TFPH, TPM or TRDH in the range of 0.5-120, 0.3-100, 7-190, 5-100 and 3-120 µg ml -1 , respectively, was injected into the cell using a micro-syringe and the absorbance was recorded at 525 nm after 200 s. In the simultaneous determination method, the temperature was thermostated at 25 °C for 10 min, 2.4 ml of solution was transferred into the glass cell of the spectrophotometer and the absorbance of this solution was zeroed before injecting the analyte(s). Then, an appropriate volume of CPH, PH, TPM or a mixture of them in their concentration ranges was injected into the cell using a micro-syringe and absorbance was recorded at 525 nm every 2.0 s.
Sample preparation procedure for tablets and injections
Twenty tablets were weighed and finely powdered. An accurately weighed amount of the powder equivalent to 50 mg of phenothiazine salt was transferred into a 100 ml volumetric flask and diluted to the mark with water. The powder was completely dispersed using a mechanical stirrer and the solution was filtered. A suitable aliquot of this solution within the working range of the individual phenothiazine was treated as described in the recommended procedure.
An accurately measured volume from the injections was appropriately diluted to obtain 500 µg ml -1 of phenothiazine salt solution. A suitable aliquot of this solution was taken and the recommended procedure followed for the analysis of the drug content.
RESULTS AND DISCUSSION
The Fe(III)-bpy system allows the spectrophotometric determination of a reducing agent, A red , as follows: 33, 34 n [Fe(bpy) 3 Table I . The intercepts, slopes and correlation coefficients for the calibration data of the phenothiazine drugs are also presented in Table I .
The reduction rate of [Fe(bpy) 3 ] 3+ with CPH, PH and TPM is different. This difference provides the possibility for resolving their mixtures using PCR, PLS and OSC-PLS multivariate calibration methods. The characteristics of the calibration curves for the determination of CPH, PH and TPM for PCR, PLS and OSC-PLS are given in Table I. A series of experiments was conducted to establish the optimum analytical parameters to achieve maximum sensitivity in the individual determination of CPH, PH, TFPH, TPM and TRDH and the simultaneous determination of CPH, PH and TPM. The experimental parameters, such as the concentrations of the reagents, temperature and pH of the solution were optimized. The optimization process gave similar results for both methods (individual and simultaneous determinations). 3 ] 2+ , is formed, with a peak of absorbance at 525 nm. The absorption spectra of the products and reagent blank are shown in Fig. 1 . 
Effect of Fe(III) and bpy concentrations
The effect of the Fe(III) and bpy concentrations, in the ranges 5.0×10 −4 --1.0×10 −2 and 5.0×10 −4 −5.0×10 −3 M, respectively, were studied. At a constant concentration of Fe(III) of 4.0×10 -4 M, the bpy concentration was varied in the above-mentioned range. For each CPH, PH, TFPH, TPM and TRDH in their individual determination and in the ternary mixture of CPH, PH, and TPM in their simultaneous (for the three PCR, PLS and OSC-PLS methods) determi-nation, increasing the bpy concentration up to 2.0×10 −3 M resulted in an increase in the reaction rate and the absorbance. However, at higher concentrations of bpy, a decrease in the reaction rate and absorbance was observed. This might be due to the fact that high concentrations of bpy would result in a positive interference from Fe(III), which could have arisen from incomplete conversion of Fe(II) into the [Fe(bpy) 3 ] 2+ complex via mixed ligand complex formation. Therefore, the bpy concentration of 2.0×10 −3 M was selected as the optimum concentration.
The effect of the Fe(III) concentration on the reaction rate and absorbance of CPH, PH, TFPH, TPM and TRDH at constant concentration of bpy (2.0×10 −3 M) was studied. Increasing the Fe(III) concentration up to 4.0×10 −4 M resulted in an increase in the reaction rate and absorbance in the individual determinations of CPH, PH, TFPH, TPM and TRDH and the simultaneous determination of CPH, PH and TPM. However, at higher concentrations of Fe(III), a decrease in the reaction rate and absorbance was observed. Thus, for both the individual and simultaneous (for each three PCR, PLS and OSC-PLS methods) determinations of these drugs, a Fe(III) concentration of 4.0×10 −4 M was chosen as the optimum concentration for further studies.
Effect of pH
The effects of pH on the absorbance and reduction of [Fe(bpy) 3 ] 3+ by CPH, PH, TFPH, TPM and TRDH and the formation of the [Fe(bpy) 3 ] 2+ complex, as well as on the reaction rates were studied over the pH range 1.0-6.0. The effect of pH on the absorbance of the solution mixture is shown in Fig. 2 . The absorbance and reaction rate increased with increasing pH up to 4.0, but thereafter decreased. Therefore, for both the individual and simultaneous (for each three PCR, PLS and OSC-PLS methods) determinations of these drugs, a pH value of 4.0 (acetate buffer) was chosen as the optimal pH for further studies. 
Effect of temperature, reaction time and stability of the colour
The effect of temperature on the absorbance and reaction rates was studied in the range of 25-70 °C. From the results, it can be concluded that increasing the temperature led to an increase in the reaction rates for each five analytes but temperature had no effect on the absorbance. However, for the sake of simplicity and for a better control of temperature effects on the precision of determinations, 25 °C was chosen as the optimal temperature. In the individual determinations, at room temperature (25 °C), it was necessary to wait for at least 2 min after drug addition before the absorbance was measured to allow its reaction with the [Fe(bpy) 3 ] 3+ complex to go to completion. Therefore, all absorbance values were measured after 200 s from the initiation of the reaction. The coloured products were stable for at least 48 h.
Absorbance-time behaviour
Under the optimized conditions, the reactions of CPH, PH and TPM with [Fe(bpy) 3 ] 3+ complex showed different kinetic behaviours (Fig. 3) . These differences in the reaction rates allowed multivariate calibration methods to be designed as techniques for the simultaneous determination of CPH, PH and TPM. 
Accuracy and precision
In the individual determination method, the accuracy of the method was established by analyzing the pure drugs at three concentration levels and the precision by determining the relative standard deviation (RSD) for seven replicate analyses on the same solution containing three different concentration levels for each drug (Table II) .
Multivariate calibration and statistical parameters
Multivariate calibration methods, such as PCR, PLS and OSC-PLS, require a suitable experimental design of a standard belonging to the calibration set in order to provide for a good prediction. The first step in the simultaneous determination of the drugs by the PCR, PLS and OSC-PLS methodologies involved constructing a calibration mixture for the mixtures of CPH, PH and TPM. A synthetic set of 40 solutions of mixtures of CPH, PH and TPM were prepared according to the experimental design of three factors at three levels. The concentration ranges used were 0.5-120.0, 0.3-80.0 and 0.50-100.0 µg ml −1 for CPH, PH and TPM, respectively. From these series, 27 solutions were chosen for the calibration set (Table III ) and the other 13 were used as the prediction set (Table IV) . Changes in the absorbance of the solutions were recorded during a period of 300 s. To select the number of factors in the PCR, PLS and OSC-PLS algorithm, a cross-validation leaving out one sample method was employed. 35 The prediction error was calculated for each compound for the prediction set. This error was expressed as the prediction residual error sum of squares (PRESS):
where m is the total number of calibration samples, E i c represents the estimated concentration and c i is the reference concentration for the i-th sample left out of the calibration during cross validation. A plot of PRESS against the number of factors for a mixture of the components is shown in Fig. 4 . To find the smallest number of factors, F-statistics was employed to perform the significant determination. 35 The optimal number of factors yielding the smallest error (PRESS) for the three compounds was found to be 3 for PCR, PLS and OSC-PLS. The validation step of the methodologies was performed by running PCR, PLS and OSC-PLS on the prediction set.
For the evaluation of the predictive ability of a multivariate calibration model, the root mean square error of prediction (RMSEP) and the relative standard error of prediction (RSE) can be employed: 28 The square of the correlation coefficient (R 2 ), which is an indication of the quality fit of all the data to a straight line, is given by: 
where c m represents the mean of the actual concentration in the prediction set. 36 The values of RSE, RMSEP and R 2 for each component using PLS, PCR and OSC-PLS are given in Table V , from which it can be seen that the obtained values for the statistical parameters were almost the same for the PLS and PCR methods, while the best results were obtained using the OSC-PLS method. In order to assess the applicability of the proposed simultaneous determination methods (PCR, PLS and OSC-PLS) to the analysis of real samples, it was applied to the determination of the three phenothiazine derivatives in different synthetic mixtures. Thus, six different mixtures used in commercially available CPH, PH and TPM tablets were prepared and analyzed. Each measurement was repeated 3 times. The deviation results (Table VIII) show that the calculated values for all mixtures were in satisfactory agreement with the declared values. 
CONCLUSIONS
This individual determination method is simple, rapid, quite selective and highly sensitive in comparison to other reported methods. The other advantages of the present method over the previous methods include rate of development and stability of the colour of the product, wide range of determination without the necessity for heating or extracting, low detection limit with high accuracy and precision. The high λ max (in the visible region) of the proposed method is a decisive advantage, since interference from associated excipients was not observed. Furthermore, in this method, toxic organic solvents are not required. In other words, it belongs to green chemistry. Thus, it is hoped that this method can be used as an alternative for the rapid and routine microdetermination of bulk samples and various pharmaceutical formulations. In short, the proposed method is a step towards this direction.
In this study, it was shown that the application of multivariate calibration methods, such as PCR, PLS and OSC-PLS, could be well applied for the simultaneous determination of CPH, PH and TPM. The three proposed methods are cheaper than chromatographic methods. Furthermore, in these methods, the use of toxic organic solvents is not required. In other words, they belong to green chemistry. The proposed methods as new, inexpensive and sensitive methods offers good selectivity, accuracy and precision and can be applied for a wide range of CPH, PH and TPM concentrations.
